In a model reliating snow water equivalent to 6 combinations of topographic and forest variables on Marmot Creek experimental basin, 36 per cent of the variance was accounted for. The model was improved by the addition of a variable indexing position of snow-sampling points relative to major topographic features of the basin. Varia,tion accounted for in the final model was 48 per cent.
Introduction
Marmot Creek experimental watershed is a 9.4 km2 basin on the west side of the Kananaskis River Valley, about 40 km southeast of Banff, Alberta. The basin consists of three sub-basins and an area below their confluence (Fig. 1) . Topography is steep and elevation ranges from 1,585 to 2,805 m a.s.1. Forest cover is mainly Engelmann spruce (Picea engelmanni Parry), alpine fir (Abies lmiocarpa (Hook.) Nutt. ) and lodgepole pine (Pinus contorta Dougl. var latifolia Engelm. ) with timberline about 2,300 m.
Marmot Creek was established as an experimental watershed in 1961, one of the main objectives being to determine the effect of commercial timber harvest on basin hydrology. The intention was to develop methods for managing the forest for water as well as the other products of the forest. One direct hydrologic effect of manipulating forest cover on the east slopes of the Rocky Mountains is on snow accumulation and snowmelt rates.
The objectives of the present study are ( 1) to determine what topographic and forest variables affect snow accumulation, (2) to determine how well the snow courses index snow accumulation on the basin, and (3) to relate runoff from the basin during snowmelt to snow accumulation.
Review Snow Accumulation Model
Snow accumulation has been related to topographic and forest variables in other studies. The variables that exhibit the strongest relationship to snow accumulation vary from one situation to another. Packer ( 1962) constructed a model in which the independent variables of elevation, aspect, and forest cover accounted for over 90% of the variance in snow accumulation. A model constructed by Anderson (1967) explained 82% of the varilance using only storm characteristics such as precipitation at index station and wind. Ffolliott and Hansen (1968) related snow accumulation to forest density, elevation, and potential insolation. Forty-six per cent of the variance was accounted for. High correlations were shown between snow water equivalent (w.e.) and elevation at five snow courses on Marmot basin (Golding 1969) . The snow courses were on a central ridge with similar slope, aspect and forest conditions. Snow w.e. at the 50 points on these snow courses was significantly correlated with forest density (Golding and Harlan 1972) . Highly significant correlations were obtained when snow w.e. was correlated with elevation and weighted stand density (Golding 1970a (Golding 1970b) . It was thought that the model would be improved by including an independent variable to index relative topographic position on the basin.
R u m 0 and Snow Accumulation
The relationship between runoff and snow accumulation has often been studied to predict runoff for short periods. Garstka et al. (1958) related daily snowmelt runoff to temperature, radiation, humidity, wind, and accumulated antecedent runoff. Runoff has also been related to areal extent of snow cover throughout the melt season, e.g., Leaf ( 197 1 ) in Colorado. The present paper deals with the relationship of runoff during the snowmelt period with maximum snowpack.
Method
The first of an area of about 25 m radius centered on the sample point; range 1-8. FOREST DENSITY: number of trees whose diameters subtend an angle equal to or greater than 147.34 minutes with vertex at the sampling point. This is known as the Bitterlich point-sampling method. Its use in estimating snow w.e. is described by Golding and Harlan (1972) . Range 0-34. On a subsample of 105 consisting of the fifth point on every third east-west line, position relative to local topographic features of the basin was recorded. These were coded as follows :
1. on ridge top
Snowpack on Marmot Creek Basin 2. in valley bottom 3. on major slope 4. on minor slope 5. on flat or gentle slope Streamflow is gauged year-round using Stevens A-35 stage recorders with three concrete V-notch weirs and a metal H-type flume on the four main streams of the basin.
Results and discussion

Snow Accumulation Models
Multiple regression model. Two snow-accumulation models were constructed using data from 105 sample points measured in 1970 on Marmot basin. Model I consisted of six combinations of four variables that had earlier been shown to be significantly related to snow w.e. (i.e. FOREST DENSITY, SLOPE3, ASPECT2, ELEVATION2, ELEVATION x SLOPE, FOREST DENSITY2), and accounted for 36% of the variation in snow w.e.
Model I1 consisted of the first and second power of ELEVATION and FOREST DENSITY, the first, second, and third power of SLOPE, ASPECT, and POSITION, and the interactions of POSITION X ELEVATION, POSI-TION x SLOPE, ELEVATION x SLOPE, and POSITION x SLOPE x ELEVATION. This model accounted for 5 1 % of the variation. By successive elimination of the variable that contributed least to variance accounted for by the regression equation, the regression was obtained in which all variables were significant at the 95% level of probability. This model accounted for 48% of the variation in snow w.e. :
where Y = snow w.e. (in cm)
In this model, the partial correlations of snow w.e. on each of the eight independent variables (holding the remaining seven constant) were all significant at the 99% level of probability.
Simple regression model. Regressions were run of each independent variable with grid snow w.e. measured in March of each year. In 1969, for every 100 m increase in elevation, w.e. increased by 1.25 cm. The increase in 1970 was 1.83 cm/ 100 m elevation rise and in 1971 3.92 cm/100 m. These relationships will change from year to year, depending on the amount of snowfall. A more useful measure is obtained by weighting the increase with the basin snow w.e. for that year (i.e., by dividing by the mean of the grid points measured in March of that year). The rates for 1970 and 1971 are similar, 0.15 cm and 0.14 cm w.e. increase/100 m elevation rise for each cm of mean snow w.e. The rate for 1969 is only 0.07 cm. In 1970, southwest and northwest aspects accumulated least snow (6.81 cm and 9.70 cm w.e. respectively), whereas east and southeast accumulated most (13.56 cm and 14.32 cm w.e.), disregarding west aspect for which there were only two samples (Table 1 ) .
Snow w.e. decreased by 1.04 cm/lO% slope increase in 1970. This is 0.084 cm/lO% slope/cm mean snow w.e. This compares to a decrease of 1.07 cm/lO% slope increase in 1969, or 0.064 cm/lO% slope/cm mean snow w.e.
As forest density increases, snow w.e. decreases. The measure of forest density is tree count as determined by the Bitterlich point-sampling method. As tree count increased by one, snow w.e. decreased by 0.15 cm in 1969, 0.28 cm in 1970, and 0.43 cm in 1971, with no correlation being evident between the size of decrease and the amount of the annual snow pack.
For position classes, snow w.e. increased from 9.40 cm on ridge tops to 12.50 cm on major slopes to 20.87 in valley bottoms.
Correlation of Snow Course and Grid w.e.
March snow w.e. at each snow course was correlated with mean March w.e. on each of the four areal breakdowns of the basin (Twin, Middle, and Cabin subbasin, and Marmot basin which includes the three sub-basins and an area below their confluence), giving a sample size of four in each case. March mean w.e. was obtained from the grid sample of 1500 points (Fig. 1 ) . Data for the four years, 1969-1 972, was used. All correlations were significant at the 95 per cent probability level and ranged from 0.95 to 0.99 ( Table 2) . Although the differences between the coefficients are not significant, snow course 14 gives consistently higher correlations, followed by courses 3 and 19. These three courses are all in Middle sub-basin. Coefficients were highest for the correlations of snow course w.e. with mean Marmot w.e., followed by those with Cabin mean w.e. It would be expected that the best index of mean sub-basin snow accumulation would be a snow course within that basin, but such courses were no better than other courses.
Correlation of Runoff and Snow w.e. For the correlation of runoff and snow accumulation, two runoff periods were used : snowmelt periods May 1 -June 30 and May 1 -July 3 1. Snow accumulation was for three measurements: March and maximum pack at the snow courses (five years7 data, 1967-1971) , and mean sub-basin w.e. from the March grid sampling (four years7 data, 1969-1 972). Whereas the snow courses provide only an index to basin snow accumulation, the grid sampling provides an estimate of the mean basin snow accumulation. However, much of the streamflow originates from snowmelt in the area above timberline, an area that is essentially unsampled by the grid sampling (Fig. 1) . The grid sampling, therefore, becomes only an index to mean snow accumulation of the whole basin.
Highest correlation with snow w.e. was obtained for May 1 -June 30 runoff. Although snowmelt runoff continues into July, the poorer correlation for the period May 1 -July 31 is due to such factors as rainfall and evapotranspiration during the extra month. May 1 -June 30 runoff hiad higher correlation with March snow-course measurements (median correlation coefficient of 0.89 with 23 of the 32 correlations significant at the 95% level of probability) (Table 3 ) than with either the maximum snow-course measurement (median of 0.81 with 11 of the 32 correlations significant) or the mean snow w.e. (median of 0.84 with none significant). It is surprising that the mean sub-basin snow w.e. did not give the highest correlations in that these values are the average of many point measurements across the sub-basin. There was no trend of runoff being more highly correlated with mean snow w.e. from a particular sub-basin than from any other.
Highest correlations with May -June runoff were obtained with snow course 1 and 6 ( Table 3 ) . Both of these courses are in the confluence area of the basin. Those courses that were expected to provide the best indices of snow accumulation on the basin were those that were centrally located. However, these courses, 1 1, 14, and 19, had the lowest correlation with May -June runoff. 
Conclusions
Variables having the greatest effect on snow accumulation on Marmot Creek are elevation, topographic position, aspect, slope, and forest density. Of the variation in snow accumulation, 48% is accounted for by a multiple regression model constructed using combinations of these variables. Snow courses are significantly correlated with an intensive snow survey conducted on the basin and provide an acceptable index of snow accumulation.
May 1 -June 30 streamflow was significantly correlated wi,th March snow course w.e., with standard errors of estimate for the regression being as small --as 4.3% of mean streamflow.
